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slightly different wave-lengths whose resolution or otherwise would discriminate between powers inferior and -superior to the given one*.
If we define as the ': dispersion" in a particular part of the spectrum the ratio of the angular interval dd to the corresponding increment of wave-length d\, we may express it by a very simple formula. For the alteration of wave-length entails, at the two limits of a diffracted wave-front, a relative retardation equal to mnd\. Hence, if a be the width of the diffracted beam, and dd the angle through which the wave-front is turned,
or                                           dispersion = mn/a ............................ (7)
The resolving power and the width of the emergent beam fix the optical character of the instrument. The latter element must eventually be decreased until less than the diameter of the pupil of the eye. Hence a wide beam demands treatment with further apparatus (usually a telescope) of high magnifying power.
In the above discussion it has been supposed that the ruling is accurate, and we have seen that by increase of m a high resolving power is attainable with a moderate number of lines. But this procedure (apart from the question of illumination) is open to the objection that it makes excessive demands upon accuracy. According to the principle already laid down, it can make but little difference in the principal direction corresponding to the first spectrum, provided each line lie within a quarter of an interval (n, + rf) from its theoretical position. But, to obtain an equally good result in the mtlh spectrum, the error must be less than 1/m of the above amount f.
There are certain errors of a systematic character which demand special consideration. The spacing is usually effected by means of a screw, to each revolution of which corresponds a large number (e.g. one hundred) of lines. In this way it may happen that, although there is almost perfect periodicity with each revolution of the screw after (say) 100 lines, yet the 100 lines themselves are not equally spaced. The "ghosts" thus arising were first described by Quinckej', and have been elaborately investigated by Peirce§, both theoretically and experimentally. The general nature of the effects to be expected in such a case may be made clear by means of an illustration already
* The power of a grating to construct light of nearly definite wave-length is well illustrated by Young's comparison with the production of a musical note by reflexion of a sudden sound from a row of palings. The objection raised by Herschel (Light, § 703) to this comparison depends on a misconception.
f It must not be supposed that errors of this order of magnitude are unobjectionable in all cases. The position of the middle of the bright band representative of a mathematical line can be fixed with a spider-line micrometer within a small fraction of the width of the band, just as the accuracy of astronomical observations far transcends the separating power of the instrument.
+ Pogg. Ann. CXLVI. p. 1, 1872.                                   § Am. Jour. Math. u. p. 330, 1879. phase occurs, we could still use the expressions (2) and (3), merely understanding by b, c, e, f, factors which may be complex; and the same formal relations (4) would still hold good. These do not agree with those found by Stokes by the method of reversion; and the discrepancy indicates that, when there are changes of phase, the action of a thin plate cannot be calculated in the usual way.
